A portion of the granular convoluted duct is found in the submandibular gland of rats and some other rodents. The granular convoluted duct cells are abundant as large and round granules and their contents are enfolded in granular limiting membrane, which shows high electron density.
Granules are distributed independently, without being connected to each other and form a lump.
For observation, samples of Wistar-rats (male) were used. The material was anesthetized with ether and pentobarbital sodium. Then, the submandibular gland was extracted before being fixed in a cold 2.25% glutaraldehyde solution thinned by phosphate buffer for one hour. It was rinsed with buffer solution and post-fixed with 1% osmium tetroxide for two hours. The sample was dehydrated in graded series ethanol before being buried and were embedded in epon through propylene oxide. Thin sliced samples were dyed with 2% uranyl acetate and lead citrate. For observation, a JEM-100B electron microscope was used.
Through examination of specimens obtained by the methods described above, though not so frequent in occurrence, granules were observed in the process of fusing with each other.
The purposes for granules to fuse with each other, as they released their contents upon stimuli, were estimated as follows: (1) by doing so, they will be able to release in greater quantity, thus improving efficiency. (2) it would lighten the burdens of a cell by decreasing its influence over the cell's plasma membrane through which the contents pass.
The methods by which a granule grows in a cytoplasm were regarded as follows; (1) direct absorption of substances from the cytoplasm by a granule itself. (2) fusion with other granules.
The author of this report considers that the granules observed grew primarily by the former method. The reason for this is that only a limited number of examples of the latter method has been reported, and that through morphological observation of the rough-surfaced vesicles, the possibility of producing large granules in such a quantity is unthinkable. Young et al.1) attempted to explain the three steps process of granular fusion. They stated that the first step is"contact" of two membranes. But the author of this report considers that, in the case of the observation of mucous cells at the submandibular gland's terminals, small granules which were separated from the Golgi apparatus grow in size through repeated fusions with other granules, while travelling toward the cell's free surface. In the phenomena of fusion, "approach" occurs as its first step, rather than "contact". One cannot demonstrate, however, the condition of a granule approaching other granules within a cell.
Therefore, I cannot but accept the explanation of Young et al. But their "contact" of the limiting membranes may be paraphrased as that of outer leaflets of the limiting membranes.
In other words, taking also into consideration the explanation by Robertson2) , Singer et al. 3 ) and the results obtained from observation by freeze-replica method4,5), the limiting membrane may be undoubtedly concluded as possessing a three-layered structure. When two outer leaflets contact, there are six layers at first, but the innermost two layers combine and form a single layer, thus reducing the number from six to five (Fig.1) . This layer is thicker than an outer leaflet but thinner than two of them. The formation of five-layers has been reported by Kim The thick and dark layer in the middle was formed by two outer leaflets through fusion. Fig. 2 This picture shows a five-layered membrane as in the previous picture.
The central dark membrane shown in this picture is slightly thinner and estimated to be near the thickness of the dark layers (inner leaflets) on both sides.
plasma membrane before being released. Kim et al. examined the five-layer between granules of a sublingual gland's mucous cells and Kanaseki between secretory granules of small intestine's goblet cell. All of these granules seemed to be different in characteristics from those of this report. A granule of mucous cells at the terminal which reaches the condition slightly before being released out of the cell has a capacity to fuse with a cell's plasma membrane.
However, a granule shortly after separation from the Golgi-apparatus or a granule which is yet to be released is capable only of fission. It is estimated as unable to fuse with a cell's free surface or plasma membrane facing the intercellular space. The fusion of granules and plasma membrane is an exceptional case.
Further development of the fusion phenomena transforms a five-layered membrane into a three-layered one.
Then the researcher of this report considered the possibilities of whether a layer formed by fusion of two outer leaflets in the middle of five-layered membrane would gradually become thinner, and whether the layer would move to the outer leaflets excluding a fused surface (Fig.2) .
The three-layered membrane was referred to as "completely fused membrane" by Kanaseki, and "three-layer" by Tandler et al.; they seem to distinguish it from a normal limiting membrane, which is considered to have resulted from the following reasons: (1) the three-layered membrane is a membrane which will combine the granular contents later. (2) it consists only of inner leaflets and lipid layers, and no outer leaflet is related. (3) it is bordered by the cell contents on both sides.
Since a limiting membrane is regarded as removing the granular contents away from other fabrics within a cell, it is not appropriate to treat a three-layered membrane as a limiting membrane, which has different characteristics. A three-layered membrane is almost as thick as a normal limiting membrane and it extends totally over the fused membrane between the granular contents (Fig.3) .
Gradually some spots appear on the threelayered membrane which ceases to be observable: small pores (Fig.4) .
The small pores gradually increase in number, with each opening enlarging accordingly. Consequently, the observable three-layered membrane spreads out in a form resembling an island. Kim et al. have referred to the existence of the island-shaped parts, which remained five-layered in structure, but which does not coincide with the results of this report. At the island-shaped part, the inner leaflets on both sides of the lipid layer are in continuation, thus enclosing the lipid layer completely. Also, the root of the fused surface protrudes in the direc- Fig. 3 The fusion has proceeded, producing a three-layered membrane, which extends all over the fused surface. tion where the three-layered membrane remains island-shaped and the inner leaflets are also in continuation.
Aside from the above, lipid layers and outer leaflets were also observed and it is apparent that each continues as far as the lipid layers and outer leaflets of other granules. In other words, a limiting membrane normal in structure protrudes toward the center of the fused surface.
This intermission of the three-layered membrane has been reported by Kanaseki and Tandler et al. It has been explained that, when a few granules fuse with each other, the cytoplasms in the granules remain in the lump of granules through fusion. But it is unthinkable for a cytoplasm to be left inside of a granule. In spite of the appearance, the cytoplasm is believed to be connected to neighbouring cytoplasms.
The reasons is that a three-layered membrane exists next to the cytoplasm which is to be left behind and that each inner leaflet is joined with other inner leaflets at a place other than the fused surface .
Both the island-shaped three-layered membrane covered with the inner leaflet and the root of the fused membrane return, as if they were pulled, toward the cytoplasm which is found outside of the fused surface.
Consequently, the island-shaped part ceases to be observable and, likewise, the root part gradually loses its protruded shape, to make the surface smooth.
When the membrane reach this stage, the fusion phenomenon terminates.
